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Abstract 

We derive consistent superfield constraints for the linear vector-tensor multiplet with 
gauged central charge. The central charge transformations and the action turn out 
to be nonpolynomial in the gauge field. 



The N = 2 vector-tensor (VT) multiplet |jT|] is a combination of an = 1 vector- 
and an = 1 linear multiplet, and as such contains among its components a 1- 
form and a 2-form gauge field. Since its rediscovery by string theorists 0, much 
effort has been made to derive consistent interactions both with itself @, §|, Q and 
with background N = 2 vector multiplets 0, |, |[. In |^ the VT multiplet was 
coupled to an abelian vector multiplet that gauges the central charge of the N = 2 
supersjTiimetry algebra, resulting in an interaction of three gauge fields. 
Such interactions of higher degree gauge fields have recently been classified by coho- 
mological means (outside the framework of supersymmetry) in \TU\. As a particular 
example an interaction of two 1-forms and a 2-form was studied in |ll]] which turned 
out to be nonpolynomial and resembled the bosonic sector of the VT multiplet with 
gauged central charge. 

In the present letter, we show that this model is indeed contained in the linear 
VT multiplet with gauged central charge, which is derived from a set of constraints 
on the basic superfield, thus providing the ground for a superspace formulation 
of the component results of [Q. Here we follow an approach already applied in 
P], where the nonlinear VT multiplet (with global central charge) was formulated 
in harmonic superspace, namely to determine consistent deformations of the flat 
superfield constraints. 



Our considerations are based on the N = 2 supersjTiimetry algebra 



[D;,D„] = i(a„A^U, 



Dai 5 T^a] — ^{K0'a)aSz 



(1) 
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The real generator 5z is central and commutes with all generators of the supersym- 
metry algebra, 

5, = 5/, [4,^^j.] = 0, [5,,P^,] = 0, [5,,P„] = 0. (2) 
Va is the gauge covariant derivative 

Va = da + Aa5, (3) 

and Fah the abelian field strength of the gauged central charge 

Fa, = daA,-d^Aa. (4) 

The algebra (|l]) might as well be read as an algebra with a gauged abelian transfor- 
mation and no central charge. However, the scalar field Z has to have a nonvanishing 
constant background value as we will see. 

Z, Z, and Aa are component fields of the vector multiplet which is completed by 
an auxihary triplet Y"-^ = Y^' = (Yij)*, 

yij = Iv'V^Z = \V'&Z , (5) 

Fab = \{V'aabV,Z - -DiCTab&Z) . 

They are tensor fields and carry no central charge. So they are unchanged by gauged 
central charge transformations Sz with a real gauge parameter C{x) with arbitrary 
spacetime dependence. Under these transformations the vector field Aa is changed 
by the gradient of the gauge parameter, 

SzZ = 0, SzXl = 0, s,Y'^ = 0, SzAa = -daC. (6) 

To construct invariant actions, we make use of the linear multiplet with gauged 
central charge as in [O . One starts from a field 



= C?' = {CijY (7) 

satisfying the constraints 

= = vla^^ . (8) 

It contains among its components a real vector V"" = —^Vi(j°'T>jO^, which is con- 
strained by 

VaV' = [ZV.Vj + 3Y,, + 4A,P,] + h.c. (9) 

From the identity 

SziAaV'') = -idaQV' + AaCdzV^ = + CVa^^ 
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it follows immediately that 



£ = ^ [ZViVj + + AXiVj + lAaVio'^'Dj] + h.c. (10) 

is invariant under gauged central charge transformations upon integration over 
spacetime. This action is also N = 2 supersymmetric, as can be checked by ex- 
plicit calculation. So once we have constructed a multiplet on which the algebra (|l]) 
is realized we try to construct a composite field which satisfies (^) and use (|TUp 
as the Lagrangian. 

For the VT multiplet gauging the central charge is quite involved. This multiplet is 
obtained from a real scalar field L, which for ungauged central charge satisfies the 
constraints 

L = L*, D^^D^^L = 0, D^'D^^L = 0. (11) 

Simply replacing the flat derivatives and Z)^ with gauge covariant derivatives "D^ 
and leads to inconsistencies that show up at a rather late stage in the process 



of evaluating the algebra on the multiplet components (see for details). This 
problem can be avoided, however, by a suitable change of the above constraints. 
They must preserve the field content as compared to the case of ungauged central 
charge. A consistent set of constraints for the VT multiplet with gauged central 
charge is given by 

v^:&^L = , 

2 - - - (12) 

V'-'V^^L = -= {V'-'ZV^^L + V^'ZV^^L + \LV^'V^^ Z) . 

z — z 

Obviously, this requires the imaginary part of Z to have a nonvanishing background 
value. For Z = i the constraints reduce to the fiat case, eq. (|ll|). 
Let us show how these constraints were obtained. We considered the following 
Ansatz, with the coefficients being arbitrary functions of Z and Z, 

V^^V'^L = a V^^ZV'^L + a Vj^LVljZ + bL V^^ZV'^Z , h real, 
V^'V^^L = AV^'ZV^^L + BV^'ZV^^L + CLV^'V^^Z (13) 
+ DL V^'ZV^^Z + EL V^'Z&^Z . 

It is linear in the components of the VT multiplet and hence invariant under a rescal- 
ing of L with a constant parameter. The constraints have to satisfy the necessary 
consistency conditions 

V'lVW^^L = , VIVW^^L = V^'VWl^L , (14) 
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which yield a system of differential equations for the coefficient functions. The first 
condition requires 

= C - |A 



= dzC-D~ \AC 
= E + aB 
= dzE - \AE + bB 
= dzB + B{a - \A) 
= dzA- - 2D , 



(15) 



while the second leads to 



(16) 



= C-lB-a 
= dzC -E- \BC -aC-b 
= dza + a{a- A) - D 
= dzD - dzb - \BE -aD- b{a - A) 
= dzA — dza — \BB — aa — 6 
Q = dzB-B{a + \A)-2E. 

If we perform a more general rescaling L = f{Z, Z) L in (|13D, the coefficients trans- 
form as 

a = a - dzf/f , b={bf + adzf + adzf - dzdzf)/f , 

A = A-2dzf/f, B = B, C = C-dzf/f, (17) 
D = {Df + Adzf-dlf)/f, E = {Ef + Bdzf)/f. 

We can choose / such that a vanishes, which simplifies the conditions (|TB|) and (|Kp 
considerably, and obtain (omitting the hats) 

2C = B = A, a = b = D = E = 0, (18) 

where A has to satisfy the differential equations 

dzA = lA\ dzA=\AA. (19) 

Their general (nonvanishing) solution is 

2e~''^ 

A{Z,Z) = —^ : , r,¥?eM. (20) 

The parameters can be removed by a redefinition 

Z^e^'^(Z + ir), P^^e-"^/2pi, (21) 
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which eventually leads to the constraints given in eq. (pT^). Of course, the conditions 
( 11^) do not guarantee the consistency of these constraints, we now have to carefully 
evaluate the algebra on each component field. 

The linearity of the constraints (p!2D in L and its supersymmetry transformations 
implies that we will not encounter any self-interactions if is quadratic in L. To 
find constraints that underlie the nonlinear VT multiplet as described in [Q, one 
has to start from a more general Ansatz. 



We now investigate the consequences of the constraints p^). The independent 
components of the multiplet can be chosen as 

L, 7/>j. = iPj^L, = -iP^,L, U = 5,L, 
G^p = \[V\,Vp,]L, G^^ = l[V,^,^]L, (22) 

In addition some abbreviations will prove useful in the following, 

I = lmZ , R = ReZ , 
, . - . - . - (23) 

R, Aa and T^ab vanish in the case of a global central charge, i.e. when Z is reduced 
to its background value Z = i. 

From the algebra (|l|) we obtain the supersymmetry transformations 

= y^'iso^pZU + a^\pGab) + Yfa^{\H'^ - XH'^ + iY'^L) , 
Vl^Pi = le^^a:^iVaL + iWa), ^24) 

V\Gab = {2Iaab6,^' + UaabX' + iSabcdCj'V^') ^ , 

and the central charge transformations. These contain covariant derivatives which 
in turn again contain 5^, eq. (^, so the transformations are given only implicitly. 
One could solve for 5z of the fields, however at this stage it is more advantageous to 
use the manifestly covariant expressions (here a tilde denotes the dual of a 2-form, 
i.e. G''^ = le'^'^^'^G^d) 

6,tP' = ^ {a'^Vai'' - X'U) + ^ [^ZyU - r^'^, + ia''^P'^J 
+ La'^daX' + \{VaL - iWa)cr''X' - Fabcr^'^' - ^Gabcr^'X' 

6,{lWa-Aa)=V'Gab, (25) 

6, [iGab + RGab + ^ab) = SabcdV^W . 
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As in the case of the ordinary VT muhiplet, the vector Wa and the antisymmetric 
tensor Gab are subject to some constraints. Their solvabihty is the final consistency 
check. Closure of the algebra requires 

V- {I Gab + RGab + ^ab)= Fbc^ ■ 

With the help of the central charge transformations we obtain from these covariant 
expressions the equations 

d^{lWa-GabA'-K)=^, 

{iGab + RGab + SabcdA'^W + E.fe) = , 

which identify the brackets as duals of the field strength of a 2-form Bab and a 1-form 
V^, respectively, 

= le^'^^^dbB^d - AbG,d) + A'^ , (28) 

IGab + RGab = Sabcdid'V - A'W'') - T^ab • (29) 

We cannot read off Wa and Gab, however, since the equations are coupled. Solving 
eq. (p9D for Gab and inserting this into eq. (|28|), we find 

I{E5l + A''Ab)W^ = \Z\\H^ + rtb) , (30) 

where we used the abbreviations 
E= iZl^-A^Aa 

2- -^bBcd 



jja ^ yabcd Q^Q^^ ^ 



(31) 



Tab = ^ {daVb - dbVa + tab) + ^ {Sabcdd^V - . 

The inverse of the matrix {E51 + A°'A}y) is 



E 

which gives 



h5'a-\Z\-^A'Aa), (32) 



W'' = —{\Z\^H^ - iZpT^Mfc) , (33) 

IE 

and finally, from eq. (^91) , 

Gab = Tab - '^A^a{Hb] + T^.A^) - ^e,,^,A'[H^ + T^'A,) . (34) 

These expressions are nonpolynomial in the gauge field Aa due to the appearance of 
E in the denominator. Although it appears as if they would transform inhomoge- 
neously under the central charge transformation Sz, explicit calculation shows that 
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the gradient of the gauge parameter, eq. cancels, so Wa and Gab are indeed 
tensors as assumed from the beginning. 

It remains to give the transformations of the potentials Va and Bab- As the brackets 
in (ESf) and (E^) already indicate, the central charge transformations read 



S,Va = -Wa, SAb = -Gab, (35) 

while the supersymmetry generators act as 

Vi,Bab = -2i {laabi^' + \Laab>^' + Ayaa^i,^^. 
Then the algebra closes up to gauge transformations of the form 

Va^Va + dai, Bab ^ Bab + daib ' Obia (37) 

when evaluated on the potentials. 

Next, we construct a linear multiplet OK Given the constraints (|12]) on L it is easy 
to find a field with the required properties (note that V^^V^^L is imaginary). 



= i(V'V - V-V^') - jL{X^'4j^'> - A(>^') + iY'^L) . 

Applying the rule (0) we eventually obtain the Lagrangian 

£ = \l{d''LdaL - WWa + {\Z\^ - A''Aa)U^) - ^L^d'^dal 

1 

4/ 



(3^ 



- IG""' [iGab - RGab + ^AiaWb]) - ^.Y^'Y.jL^ (39) 



+ fermion terms , 



where we used the identities ([27|) to combine terms into a total derivative which 
was dropped thereafter. To compare with the action found in [ITT], we insert the 
expressions for Wa and Gab, 

C = ^WLdaL - iL^d^dal + \IEU^ - j^Y'^Y.^L^ 

|2 



ZIH/ ZIH/ 

+ fermion terms . 



- iT'^'ilTab - Rfab) - ^{H" + T'^'A.f + ^{AaHy 



With L and U set to zero and Z = i, which breaks supersymmetry but keeps central 
charge invariance, the bosonic Lagrangian indeed coincides with the one given in 
ref. Q: 

.__Vt 1 (i/" + T°MJ^ 1 {AaH^ 1 
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where now if" = ^e"'^'^'^dbBcd and Tab = daVb — dbVa, and a kinetic term for Aa has 
been added. The second term contains a vertex involving all three gauge fields Aa, 
Va and Bab, which has been identified as a Freedman-Townsend coupling in [|r^ . 
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